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Abstract—Lack of human cognitive criteria incorporated in 
Interface System Design (ISD) may affect user’s performance 
in system control. Perhaps, user’s level of awareness is needed 
in dealing with constant system control in the production 
industries. By analyzing design principles, cognitive theories, 
models and understand user’s cognitive limitations, helps the 
researcher to identify Cognitive ISD criteria which will be 
embedded in the development of system design. To date, in 
order to enhance human performance in using the system it is 
hope that by filling the gaps with the Cognitive ISD criteria in 
the system design will help users to increase the ease of use of 
the system. Seventeen participants involved in this study and 
they are required to complete the task scenarios by using the 
system which has been developed for the purpose of this study. 
Usability questionnaires will be given to the participants and 
will be further analyzed based on Situational Awareness 
categories.   
Keywords-Situational Awareness; Usability Testing; Cognition; 
Interface Design 
I.  INTRODUCTION 
After the World War II, the transition of technology leads 
to the transformation from human physical strength to the 
cognitive thinking capability [1]. As the system technology 
become more complex and dynamic, system designers are 
more concerned in providing systems that support human 
cognitive control. Human nature of interaction between the 
systems has changed from physical or body interaction to 
cognitive interaction which involves human mind. Moreover, 
with the advancement of system technology, users eventually 
removed from the real environment to the system control. At 
this point, system users only received the information about 
the working environment when the information is 
transmitted to them via the system.  
However, there are constraints on the information 
transmission process due to the limitation on user’s needs. 
System users that are expose with a lot of information from 
the system and the environment around them will be not an 
adequate scenario for them to perform well in their decision 
making. This is due to the fact that, human cognition has 
limited amount of memory resources and due to that they can 
only process information that they perceived, understood and 
act upon towards the information appropriately. 
Unfortunately, in real situations, system users require a lot of 
information around them and this information overloaded in 
their short term memory. There is a gap when the system did 
not provide information that meet user’s cognitive 
capabilities. In relation to that, there are few factors that 
contribute to human cognition limitations, such as stress, 
human attention, memory and mental workload.  
Stress is defined as physical response to unpleasant 
conditions [2]. This condition is a reflection from user’s 
daily work activity for example from working environment, 
the tasks that they performed social interactions and even 
related to one’s personality. In fact, in hazardous situations, 
users will feel difficult to make decisions if there are too 
much of information that they need to perceive and 
understand at one time. Consequently, a stressful situation is 
a result of user’s overloaded memory [3]. In conjunction to 
human attention limitations, users have limited attention 
capacity in doing two things at one time. In other words, 
users tend to divide their attention between two tasks or 
mental activities [4]. Consequently, the two tasks can be 
performed if the attention resources are from different 
sensory modalities [5]. For instance, users can drive and 
converse at the same time. However it is difficult for the 
driver to see the road while looking at her cell phone. In the 
case of handling the system, users could have heard the 
alarm signal which strikes during hazardous situations, 
dividing attention between visual and auditory sensory.               
Human working memory is also involved when users 
process information that they perceive around them. In fact, 
working memory is important to process user’s mental 
activities such as visualizing, understanding, analyzing and 
problem solving [6]. In order to store information in user’s 
Long Term Memory (LTM), the information that is 
perceived by users cannot exceed the limited capacity of 
user’s working memory. Nevertheless, human memory 
capacity still can be expanded through practice. 
Mental workload is closely related to user’s performance 
in completing certain task. Tasks with high workloads 
usually correspond to complex tasks which require more 
attention for users to complete the tasks successfully. In spite 
of this, practice and training can help users to reduce their 
mental workload to a level where the tasks will become their 
routine activity and easy to handle. As for that reason less 
attention could be given to perform the tasks. In addition, 
mental operations that are well trained are performed quickly 
and accurately [7]. 
In consequence of human cognition limitations, In order 
to maintain consistent monitoring on the system, system 
users need to maintain their level of awareness in using the 
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system. For example, system users need to be alert with 
alarm signals and information conveyed to them via the 
system. Also beware with input from the environment and 
consistently monitor for any changes on system failure that 
might affect system user’s performance in handling the 
system. Indeed, in human cognition there are three levels of 
situation awareness namely perception, comprehension and 
projection [8]. Perception (SA level 1) is achieved if users 
are able to perceive information that will be used by them to 
complete their work tasks. The next level is comprehension 
(SA level 2), which require users to integrate the 
information that they have perceived and make the 
information meaningful. The third level is Projection (SA 
level 3) and it is about the ability to predict on what will 
happen next based on the current situation that the users 
have comprehended.   
In addition, an interaction between users and the system 
involves system interface, which provides information for 
system users to interpret and act upon. In fact, human errors 
through the manipulation of system interface are deviations 
from desired conditions [9]. The ease of use of a system 
support learnability process within users, and at the same 
time to retain their interest in handling the system. Moreover, 
ability to interpret information correctly and understand on 
how to use the system will help to reduce disaster at 
workplace. Besides, 70%-90% of the accidents are related to 
human factors issues with one of the attributed cause is, 
human performance failure. Therefore, in this research study, 
we will use powder chemical filter handling system as a 
domain to run usability testing process. The system is used to 
monitor the process of monitoring the powder chemical 
handling process in the manufacturing industries. As this is 
the first stage of monitoring process, success and failure of 
this process will affect the productivity of the organizations. 
In addition, consistent system maintenance is required in 
order to make sure that the system will run smoothly. 
II. COGNITIVE DESIGN MAPPING  
Previous research studies have discussed tremendous 
results related to system design principles. Most of the 
design principles have common target elements such as 
consistency, tasks matching, visual presentation, error 
handling, guidance and support [10]. Nevertheless, there are 
still limited discussions that cover human cognitive models 
and situation awareness for Interface System Design (ISD). 
In relation to that, we will explore and highlight common 
and widely used design principles from [11], [12], [13], 
[14], cognitive models [2], [10] and situation awareness 
models [15], [16], [17]. All of these criteria then will be 
listed out in a form of a table and we will identify common 
cognitive design criteria based on its frequency. If the 
frequency of each criteria is more than three times, then the 
criteria will be categorized under the cognitive design 
criteria.  
In relation to that, the cognitive criteria were analyzed 
by using content analysis technique. Content analysis 
technique is employed with the aim to highlight the 
Cognitive ISD criteria. Content analysis is defined as a 
research technique for making replicable and valid 
inferences from data to their context [18]. During the 
content analysis process, words, concepts, themes, phrases, 
characters or sentences within text or sets of texts related to 
system interface design were identified based on Situational 
Awareness Categories. This process is also known as 
coding. It manifests the content of a text because the coded 
content is reliable and useful [19]. Latent content is another 
alternative to analyze the content of a text. In using this 
technique, there is a need to read the articles in passages and 
interpret the presence of a particular category. The cognitive 
criteria retrieved from the analysis then will be incorporated 
in the development of the chemical filter powder chemical 
handling system which will be discussed in the following 
sections. At the final stage of this research study, a usability 
testing will be done in order to test the ease of use of system 
design. 
A. Perception 
Figure 1 illustrates the ISD for powder chemical 
handling system. The cognitive ISD criteria will be 
incorporated into the system design with the aim to help 
users to be able to perceive useful information while 
interacting with the system.  
 
Figure 1. Perception. 
 
In the normal flow of the powder chemical handling system, 
users will be able to monitor the flow of the powder 
chemical transferring process. As in Figure 1, powder 
chemical from the lorry container will be transferred into the 
Silo Tank. Once the powder chemical is successfully 
transferred into the tank, Silo indicator will give a signal to 
the users, which the powder chemical in the Silo is 
increasing in volume. If the Silo tank is full with powder 
chemical, the Silo tank then will change into different 
colour, for instance the Silo tank colour will change from 
yellow to green colour tank. Then, from the Silo tank, the 
powder chemical will be transferred in to the storage tank. 
At the next stage, the powder chemical will be pump out 
from storage tank and transferred to next production system 
stage. In order to support user’s learnability process in using 
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the system, Table 1 describes lists of Cognitive ISD criteria 
included in the powder chemical handling system which 
have been identified from the analysis earlier on.       
TABLE I.  COGNITIVE PERCEPTION CRITERIA 
Cognitive Perception Criteria 
Affordances Meaning and value of the objects are directly perceived 
and not just the individual characteristics of these objects  
Chunking Information is not stored in memory literally, but is 
processed or break up into abstractions level 
Consistency Similar or common action sequences, terms, layouts, and 
colors within the system design  
Familiarity Refers to the frequency of the information which it occurs 
in everyday life  
Recognition Ability to remember previously seen or heard stimulus 
when it is represented 
Visibility Information that is at the most salient display 
B. Comprehension 
Figure 2 demonstrate driver failure solutions, if users 
having difficulties in maintaining the driver system failure. 
In this scenario, the alarm will strike if there are problems in 
transferring the powder chemical from storage tank to the 
next stage of production system. Users need to click the stop 
button in order to switch off the alarm signal. Then if the 
users are unfamiliar on how to solve the problems, the users 
can click on the menu button in order to retrieve the 
solutions to overcome the driver failure problems. The 
information is design in short and simple instructions and 
once the users have the idea to solve the problems, then users 
can proceed to the main machine to configure on the system 
maintenance process.    
Figure 2. Comprehension 
 
Table 2 lists out some of the Cognitive comprehension 
criteria which may help users to understand the situations if 
related system failure arise at their workplace. It is hope that, 
information provided through the ISD will help users to 
understand the situations and guide them to act calmly so 
that they will be able to decide the best actions that they need 
to perform to solve the problems.  
 
TABLE II.  COGNITIVE COMPREHENSION CRITERIA 
Cognitive Comprehension Criteria 
Association Method to gain information about eventual connections 
between stimulus and response for successful 
performance 
Generalization Categorization and identification of representational 
objects and events  
Informative Matching the information presentation with purpose and 
meet the situation context 
Learnability The ease with which novice users can begin effective 
interaction and achieve maximal performance 
C. Projection 
As depicted in Figure 3, the alarm signal will strike if 
the system cables are not connected appropriately to each 
other or to the system component. This situation will relate 
to cable position failure. As a result, the alarm signal will 
display red and yellow blinking signals on the affected cable 
area.   
Figure 3. Projection. 
 
For example at this stage, the affected cable position area is 
between Silo tank and storage tank. Once the users switch 
off the alarm signal, a small note will also pop out at the top 
left corner of the system, highlights the impact of the system 
failure problems. As the alarm signal will strike at the 
affected area, this will help users to easily keep track on the 
system maintenance problems during system monitoring 
process. Table 3 lists out the Cognitive projection criteria 
which have been included in the powder chemical handling 
system ISD. 
TABLE III.  COGNITIVE PROJECTION CRITERIA 
Cognitive Projection Criteria 
Concept Corresponds to the goal and tasks of a situation 
Feedback Response from the system triggers a rule, and the user 
then follows the associated skilled routine 
Meaningful Selections of information depends on the basis of 
familiarity and its associated imagery  
Prediction Support for the user to determine the next actions based 
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III. USABILITY TESTING 
Usability testing can be used to assess a number of 
different aspects associated with a particular interface of a 
system. Generally, this includes a usability testing on user 
satisfaction, layout, labeling, control and displays. As for this 
usability testing, we will distribute questionnaires in order to 
test the ease of use of the system. The questionnaire was 
adapted from Software Usability Measurement Inventory 
(SUMI) technique to evaluate the powder chemical handling 
system. We used five point of Likert scale as we do not want 
to force the participants to choose one specific choice or 
another, negating the possibility of seeing how strongly the 
participants is committed to one choice of the other. The five 
Likert scale have the following values; 1=Strongly disagree, 
2=Disagree, 3=Neutral, 4=Agree and 5=Strongly agree. In 
fact, SUMI questionnaires comprises of attitude scale 
statements to measure the usability of a system as long as the 
system has a display, a keyboard or other data entry devices 
and a peripheral memory device [20]. 
Moreover we will also use tasks scenario in order to keep 
track on user’s performance in utilizing the system 
accordingly. The task scenarios were designed in accordance 
with the common system maintenance problems occurring in 
manufacturing industries. The problems were identified 
through an interview with experts in the field of 
manufacturing industries and problems archived n system 
maintenance archiving data [21]. In this usability testing, the 
participants need to complete the task scenarios and they can 
only proceed to the next level of task scenarios once it is 
completed. The task scenarios are design in conjunction with 
human perception, where the participants need to perceive 
cues that help them to complete the task. As for the second 
task scenarios, the scenario is designed in line with how 
users try to comprehend and make meaningful meaning on 
the information conveyed to them through the cues available 
on the system. Finally, once the participants have perceived 
and understood the situation, they need to project their 
action. Table 4 illustrates tasks scenarios used in this 
research study.  
IV. FINDINGS AND DISCUSSIONS 
At about seventeen participants involved in this research 
study and most of the participants are those who have more 
than three years of experience in system maintenance. 
Majority of the participants are seniour and junior 
technicians. Findings and discussions in the following 
sections are literally to identify whether the ISD Cognitive 
criteria incorporated in the powder chemical handling 
system give deficiencies on users performance in using the 
system.      
A. Perception Mean Value 
In the perception survey findings with the highest 4.6 
mean values, the participants claimed that the symbols and 
graphics used in the system are easy to understand since the 
system used standard symbols and graphics (refer Figure 4). 
Consequently, standardization and consistency is important 
in order to avoid ambiguous feeling within system users. 
Indeed ambiguity is used to define causality where there is a 
need for necessary connection of events in time sequences 
[22] as to retain users performance in using the system. In 
addition recognizable symbols and graphics that represent its 
function would also be helpful to users in order to understand 
the system effectively. 
TABLE IV.  USABILITY TESTING TASK SCENARIOS 
Tasks Scenarios for Usability Testing
Task 1 
Powder chemical need to be stored in the Storage Tank. You need 
to show the normal flow of how the powder chemical is stored. 
Please identify what happen to the Silo indicators when the tank 
is full. 
Task 2 
Driver failure on powder chemical handling system will strikes 
the alarm signal. Please show the driver failure simulation and 
stop the alarm signal. Use the system to solve the driver failure 
problems. 
Task 3 
Failure to load the powder chemical from the storage tank will 
stop the whole process of production process. You need to show 
the cable motion failure and specify the alarm signal location on 
the powder handling system.  
 
Whilst at about 4.5 mean values, most of the participants 
agreed that the Cognitive ISD help them to identify critical 
cues on the system. For instance the alarm signal with 
flashing lights (yellow and red colour) that strikes able to 
attract their attention. Furthermore, the participants admitted 
that the system displays design provide useful information 
while interacting with the system. Buttons that includes 
affordances criteria help them to understand each button’s 
function. For example, clickable and mouse over text buttons 
give some hints to users on which button to click while 
interacting with the system. Indeed, the layout of the surfaces 
constitute on what the users afford to perceive directly from 
the environment [23]. 
Figure 4. Perception Mean Value 
 
Moreover, short notes that pop out to inform system 
users the cause of system maintenance failure, helps the 
participants to have some ideas on how to act if such 
problems arise. In terms of instructions and prompts, the 
participants also claimed that the instructions that are design 
in a form of chunking help them to easily capture important 
information when needed. In addition, skilled users have the 
ability to chunk the information in order to make sense of 
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situations whilst intermediate and novice users will relate 
the chunk information with the situations as to understand 
the system interaction [24].   Additionally, in the range of 
4.1 to 4.3 mean values, the participants reported that the 
system output linked with their expectations while using the 
system. The participants also claimed that they were 
familiar with the words, instructions or phrases used in the 
system. Simple and short instructions helped them to 
understand on how to use the system. In addition, the 
participants also agreed on the overall system design as the 
system was design in accordance to their needs. In relation 
to 4.4 perception mean values, the participants agreed on 
system displays and menu options design in the system as 
the system design provide clarity of the system usage. 
Furthermore, the participants felt satisfied with consistent 
ISD across system displays and menu. In addition the 
participants also reported that the instructions and prompts 
are helpful and easy to perceive. Although the system 
manual is informative, they also hoped that more detailed 
solutions should be incorporated into the system functions. 
Since the researcher is focus in highlighting the ISD 
cognitive criteria for interface design in this research study, 
nevertheless input and opinion from the participants on 
system functions will be bring forward to other researchers 
specifically in the engineering system maintenance field. 
B. Comprehension Mean Value 
As depicted from Figure 5, the results show that with the 
highest 4.8 comprehension mean values, the participants 
claimed the alarm signal able to attract their attention while 
interacting with the system. The alarm signal is design in 
resemblance with the types of failure in this system. For 
example, if the driver failure alarm signal strikes, the 
blinking sign and the alarm sound will be displayed at the 
driver failure system area. The same situations will happen if 
the cable motion failure occurs. The cable affected area will 
be blinking and followed by the alarm signal. By activating 
both user’s visual and auditory sensory, it is hope that users 
will be aware on possible situations and alert with the 
information around them. In fact, to avoid users suffer from 
split attention, visual and auditory information can be 
presented concurrently, rather than presenting all information 
visually or auditory [25]. Subsequently, a short note that 
displays the cause of the system faulty problem will pop out 
after the alarm signal is switch off. This situation may help 
the participants and guide them to look for the solutions 
through the system.  
Additionally, with 4.6 mean values, the participants also 
agreed that the system help them to have a better 
understanding on the situation at their workplace. Likewise, 
with a slight fall from 4.6 to 4.5 mean values, the participants 
stated that, the system provide them with useful information 
which help them in doing their tasks at workplace. The 
participants also admitted that they understand the overall 
flow of how the ISD system operates during the usability 
testing process. Moreover, with 4.4 mean values the 
participants claimed that it takes a short period of time for 
them to learn the system function embedded in the system.  
 
Figure 5. Comprehension Mean Value. 
C. Projection Mean Value 
As illustrated in Figure 6.9 projection mean value 
increased gradually, from 4.3 to 4.8 mean values. At 4.3 
mean values the participants claimed that they could predict 
what was about to happen next while using the system. The 
alarm signals that display the location and the information 
about faulty system component give some ideas to the 
participants about the system problems. This will help the 
participants for not being stressful, thinking about the system 
failure issues. Indeed, good instructions in interactive system 
must satisfy two criteria, firstly support human performance 
and user’s learning in handling the system [26].  
On top of that, at about 4.4 projection mean values, the 
participants admitted that the system tasks used in the system 
matched their skills. It shows a good response that the 
system tasks were simple and easy to understand. 
Complicated tasks will give constraint to system users to 
explore the system and this eventually will distract their 
interest in using the system. There were slight increases on 
the next projection mean values, whereby the participants 
reported that the ISD support them to accomplish their work 
tasks. The participants feel comfortable while using the 
system and the system able to help them in making their 
tasks easier with the support of the system. They also stated 
that the system would be helpful for novice or intermediate 
users to use the system. Short and simple solutions included 
in the system design, hopefully will help to enlighten the 
users on how to handle system maintenance problems. By 
highlighting useful information that needed by users 
cognitive load, will at least keep them aware and familiar 
with the situations at their workplace. In fact, with 
conceptually driven process and bring the users into the 
context will aid recognition [6] for the users so that they can 
handle the situations effectively. 
Next, the mean value increases at about 4.7 mean values. 
At this point, the participants agreed that they can select 
appropriate actions based on the information provided by the 
system. Appropriate ISD feedback, need to be embedded in 
the system design as to guide users to perform their tasks 
effectively.   
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Figure 6. Projection Mean Value. 
 
Pop out messages, alarm signals, clickable buttons and 
mouse over button with text were some of the examples of 
the ISD feedback that can be perceived by system users, 
comprehend by them and select the best actions in 
performing the tasks while using the system. Finally at 
about 4.8 projection mean value, the participants claimed 
that they could perform the usability testing tasks in a 
straight forward manner while using the system. Indeed this 
shows a good response from the participants where most of 
them were satisfied with the ISD cognitive criteria 
incorporated in the system and enables them to handle the 
system effectively. 
V. CONCLUSION 
Findings from this usability testing are used to improve 
the powder chemical handling system. As a consequence of 
incorporating the ISD Cognitive criteria into the system 
design, we hope that we can always improve ISD which 
include human cognitive criteria into the system design. A 
good system is a system that is usable to use, by users. 
Usability problems can adversely affect the performance of 
motivated users, even when the users are capable of dealing 
with less usable information because they prefer more usable 
materials [27]. Even though the findings shows that most of 
the feedback on the ISD Cognitive criteria embedded in the 
ISD are above 4.0 mean values, there are always for an 
improvement to improve the ISD as to increase the ease of 
use of a system in the near future.  
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